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Hydrostatic multi-motor drive unit 

The invention concerns a hydrostatic multi-motor drive unit with at least two hydraulic motors acting upon a 
common load. 

Hydraulic drives with two motors are known in essentially two different versions. 

In a first design both drives are rigidly connected with each other by a shaft and hence both run 
permanently. In arrangements in which at least one of the motors is designed to be adjustable and for attain- 
ing high speeds this motor is set to zero by adjusting its displacement volume to zero, it is a disadvantage 
that the motor which is set to zero is dragged along by the other one and as a result of this high mechanical 
losses occur. 

To avoid such problems as well two-motor drives are known, in which the two motors are con- 
nected together by gears and couplings, so that in the operating ranges in which the adjustable motor is set 
to zero, this can be mechanically disconnected from the second motor. The disadvantage of this solution is 
in particular the high complexity of the coupling and arrangement of the gears, which is necessary in order 
to guarantee synchronization of the two machines when engaging and disengaging, so that a smooth transi- 
tion between the various different operating ranges is made possible. 

From DE 1 00 60 679 Al a further hydrostatic two-motor drive unit is known, in which its two mo- 
tors are connected with at least one coupling. Such a drive unit too possesses the above-described disadvan- 
tages. 

Thus the object of this invention is to avoid these disadvantages and to create a multi-motor drive 
unit, which covers a wide operating range through the use of several motors and at the same time guaran- 
tees coupling of the motors that is as simple as possible and free from problems. Furthermore, a process 
for controlling the drive unit shall be indicated, which permits continual transitions between the various 
operating ranges. 

The invention achieves this in that the motors are connected with each other through at least one 
free-wheel device, in which the motor arranged behind the free-wheel device has a variable displacement 
volume. 

The use of several motors offers the advantage that smaller motors can be employed yet neverthe- 
less in common operation a high torque is obtainable. In addition however, through their small construction 
they enable a high speed, which is sensible for example for the rapid travel of mobile machine tools. 
Through the application of a freewheel device it is possible that all the motors can be run in the blocking 
direction of the free-wheel for producing a high driving torque. In the ranges of rapid travel then the motors 
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arranged behind the freewheel devices in question with the displacement volumes set to zero are discon- 
nected by the freewheel device of the motor arranged before the freewheel device, which as a result is pro- 
vided with the entire volume flow of the pump(s) for attaining a high speed. Thus with large motor dis- 
placement volumes a high torque can be produced at low rotational speeds, and conversely increase the 
speed with a constant supply of pressure medium, if the motor displacement volume is reduced. On reduc- 
tion of the motor displacement volume to zero the motors arranged after the freewheel device stand still 
and then, as long as their displacement volumes remain at zero, they are no longer involved in providing 
driving power. 

Problems with synchronization do not occur, since as soon as the displacement volume of the mo- 
tors arranged behind the freewheel device is increased again, their speed rises until the freewheel device is 
blocked and the torque produced by the previously disconnected motor is transmitted via the freewheel 
device to the driving axle, i.e. the torque of all the motors is utilized additively to drive the load. 

If a common pressure medium circuit is employed for all of the motors, an equilibrium of forces is 
established in the entire system and a gentle start up and slowing down of the motor disconnected by the 
freewheel device is achieved without additional control devices. 

With the use of such motors the advantages of the freewheel device can be utilised particularly fa- 
vorably, since in the low speed range with high torques the motors are mechanically coupled by the free- 
wheel device. By reducing the motor volume the speed increases until the volume of one of the motors is 
reduced to zero, so that only the remaining motor, now disconnected by the freewheel, serves for the drive. 

Embodiments of the invention arise from the subclaims. Thus the pressure sensor in the pipe(s) 
between the pump and the motor can distinguish between the operating states of acceleration or decelera- 
tion. 

A preferred embodiment of the multi-motor drive unit is characterized in that for supplying the 
motors with pressure medium an adjustable pump is envisaged. The use of an adjustable pump has a series 
of advantages in comparison with the constant delivery pump with a control valve, i.e. a simple continu- 
ously controllable flow of pressure medium which can be utilized for controlling the drive unit. The con- 
trollable supply of pressure medium in combination with the motor control offers possibilities for varying 
the motor power over wide ranges and continuous transfer of power. Furthermore, through dispensing with 
control valves in the power chain the drive system is very energy saving because of avoidance of energy 
losses in the valve arrangements. 

In a further embodiment of the invention it is envisaged that the motors are connected in parallel to 
the freewheel device by a switchable coupling. The parallel switchable coupling makes possible a power 
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transfer also in the direction of the freewheel device. This has the advantage that in cases in which the drive 
should possess a comparable performance characteristic both in the forwards and backwards direction, the 
freewheel device can be bypassed. Thus also in both directions all of the motors present can be operated 
together and a correspondingly high torque is available at the driving axle. 

To solve the problem posed, the invention proposes also a process for influencing the power 
and/or the direction of rotation of the drive unit, which consists in that the displacement volume of the 
pump changes and/or the volume of a motor is adjusted and/or the volume of further motors is adjusted 
and/or the coupling is locked. To accelerate a multi-motor drive unit in the forwards direction, first the 
displacement volume of the pump is increased, to further increase the speed the volume of the motor ar- 
ranged after the freewheel device is reduced and if necessary the volume of the further motors arranged 
after the freewheel device is reduced. 

Through increasing the displacement volume of the pump the flow of pressure medium through 
the motors increases, which leads to acceleration of the drive unit. If the speed is to be further increased, 
the volume of a first motor is reduced, which with a constant flow of pressure medium to this motor leads 
to an increase in speed with decreasing driving torque. If several mechanically coupled motors are depend- 
ing upon the same pressure medium circuit the flow of pressure medium is redistributed with a reduction in 
the volume of one motor, in which a greater part of the pressure medium flows to the motors with constant 
volume, which overall leads to an increase in the speed of all the motors. If the volume of one motor is 
reduced to zero, pressure medium no longer flows through it, it no longer contributes driving torque and 
can also no longer be driven by the remaining motors arranged ahead of the freewheel device in the direc- 
tion of freewheeling, so that it remains disconnected by the freewheel device and stands still and the entire 
flow of pressure medium flows through the remaining motors. 

The maximum rotational speed is reached if for maximum displacement volume of the pump the 
volume of all the motors is reduced to the minimum value and in the extreme case all but one motor stands 
still and the remaining motor disconnected by the freewheel device from the stationary motors runs at 
maximum speed because of the minimum total flow of pressure medium, which differs from zero. 

A further mode of operating according to the invention serves for decelerating a multi-motor drive 
unit, and is characterized in that the pump works as a motor, all of the motors arranged ahead of the free- 
wheel device are working as a pump with a displacement volume greater than zero, and the volume of the 
further motors arranged after the freewheel device is set to zero. 

With this procedure it is possible to achieve an especially energy-saving deceleration of the drive 
unit. In doing so the power transmitted in motor operation of the pumps to their drive shaft can be utilized 
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for driving further mechanical components, and need not be converted into heat. In order to achieve this, 
the desired decelerating behavior of the drive unit must be achieved through appropriate control measures 
at the adjustable pumps and motors. Such a condition occurs if the differential pressure applied through the 
motor(s) reverses its sign and the kinetic energy of the load is given back to the hydraulic circuit. By ad- 
justing the displacement volume of the pump, and when employing a motor controllable by adjustment of 
the displacement volume ahead of the freewheel device, the deceleration of the drive unit (the load) and the 
amount of the energy given off to the other consuming units coupled to the pump can be regulated. 

A procedure in accordance with the invention for accelerating the multi-motor drive unit in a re- 
verse direction consists in that the delivery direction of the pump is reversed, the displacement volume of 
the pump is increased, and for the further increase in the speed when employing an adjustable motor ahead 
of the freewheel device its displacement volume is reduced. This procedure serves for the simple operation 
of the multi-motor drive unit in the reverse direction. Through pumps capable of being adjusted to zero a 
reversal of the delivery direction of the flow of pressure medium in the circuit is permitted. As a result of 
this the motors likewise move in the reverse direction. By increasing the displacement volume of the pump 
and reduction of the displacement volume of the adjustable motor, as already described above, the rota- 
tional speed of the drive unit and hence the driven load can be increased. 

In addition the invention concerns a process for accelerating the multi-motor drive unit in the re- 
verse direction, which is characterized in that the switchable coupling is closed, in order to bypass the 
freewheel device in the freewheeling direction and the direction of the delivery of the pump is reversed, the 
displacement volume of the pump is increased, to further increase the rotational speed the volume of one of 
the first motors is reduced and if necessary the volume of the further motors is reduced. 

So that such a multi-motor drive unit in slow operation possesses the same driving characteristics 
in the forwards as in the backwards direction, as described above, a coupling can be employed in parallel 
with the freewheel device. The coupling is then closed for operation in the reverse direction and then the 
delivery direction of the pump is reversed, as a result of which all the motors are driven with a volume 
greater than zero by the reverse oil flow in the backwards direction. By increasing the displacement volume 
of the pump, the rotational speed of the drive can be increased, as the oil flow is automatically divided 
between the drives. For further increasing the rotational speed, then analogously to the procedure in the 
forwards direction the volume of the motors is reduced one after the other, until a maximum rotational 
speed of the entire arrangement is attained. 

Further features, details and advantages of the invention arise on the basis of the following de- 
scription and the drawings. These show in: 
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Fig. 1 a diagrammatic overview of a multi-motor drive unit in accordance with the invention with an 
adjustable motor, 

Fig. 2 a cross section through a freewheel device depicted as an example for the solution of the multi- 
motor arrangement in accordance with the invention, 
Fig. 3 a diagrammatic overview of the multi-motor drive unit with two adjustable motors, 
Fig. 4 a depiction of the drive with a switchable coupling, 

Fig. 5 a depiction of the hydraulic circuit for a multi-motor drive unit in accordance with the invention 
and in 

Fig. 6 a depiction of the driving characteristics of the multi-motor drive. 

A multi-motor drive unit in accordance with the invention, generally designated by 1, possesses a 
hydraulic motor 2 which is variable in its displacement volume and a hydraulic motor 3 with a constant 
displacement volume. These are connected with each other via a mechanical freewheel device 4. A variable 
displacement hydraulic pump 5 provides the hydraulic circuit with pressure medium via pipes 6 and 7. 

At least one pressure sensor with a measurement signal transformer 8 measures the pressure in the 
hydraulic circuit and passes it on in the form of an electrical signal to a control unit 9. This calculates from 
the measured parameters of state in the circuit and the desired values prescribed by the user the correcting 
signals and with these adjusts the volume of the variable motor 2 through the motor controller 9b and with 
the pump controller 9a adjusts the displacement volume of the variable displacement pump 5. 

Thus depending upon the volume flow of pump 5 and the motor volume of the adjustable motor 2, 
a rotational speed of the motors is set. Depending upon the setting of the adjustable motor 2, the volume 
flow of pump 5 is divided between the two motors 2 and 3, in which because of the parallel circuit of the 
motors the same pressure difference is applied to both motors and the freewheel device is locked and at the 
same time the torque of both motors is transmitted to the driving axle, until the torque given out by the 
adjustable motor is zero and this is then at a standstill. Thus both motors 2 and 3 together drive a load 10, 
e.g. the running gear of a vehicle. 

The freewheel device 4 consists, as depicted in fig. 2 as an example, of an outer ring 1 1 , which is 
connected non-positively with the motor on the load side. In the center of the ring 1 1 there is a star-shaped 
wheel 12, which is connected to the adjustable motor 2. If the star-shaped wheel 12 is driven, the metal 
balls 1 3 rolling on the outer surface of the crank become jammed against the inner surface of the ring 1 1 
and thus effect a transmission of power from the star-shaped wheel 12 to the outer ring 1 1 . If the outer ring 
1 1 is moving faster than the star-shaped wheel 1 2, the balls fall into recesses in the wheel 1 2 and there is 
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no transmission of motion from the outer ring 1 1 to the star-shaped wheel, so that the ring 1 1 can turn 
freely in this direction. 

An alternative possibility, in which both motors are variable, is depicted in fig. 3. Here as well as 
the first variable motor 2 also the motor on the load side 3' is variable and can be adjusted by the controller 
9, depending on the current state of the drive unit and the desired set parameters. Thus it is possible to 
further increase the operating range of the drive unit. 

When travelling backwards no transmission of power through the freewheel device 4 from the mo- 
tor 2 to the load 1 0 is possible. For the case that when operating backwards the same maximum torque 
should be available at the load as in forwards operation, a controllable clutch 14 in parallel with the free- 
wheel device is envisaged, as depicted in fig. 4. This is closed in reverse operation and thus makes possible 
transmission of power from motor 2 via motor 3 to the load 1 0 also the freewheeling direction of the free- 
wheel device 4. 

The construction of the hydraulic circuit is shown in more detail in fig.5. An internal combustion 
engine 15 drives the variable displacement pump 5 and at the same time drives a fixed displacement pump 
1 6, which preloads the low-pressure circuit 1 8, which consists in its essentials of a pressure medium reser- 
voir 1 7 and a pressure control valve 1 9. 

The low-pressure circuit 1 8 is connected with the high pressure circuit via two non-return valves 
20 and 21 . These are protected against destruction by overpressure in the circuit by two pressure relief 
valves 22 and 23. Connected to them via the pressure medium pipes 6 and 7 is the driving part with the 
two hydraulic motors 2 and 3, which are connected with each other by the bypassable freewheel device 4 
through the controllable clutch 14. 

The power transmitted to the load 10 is determined by the variable displacement pump 5, which is 
driven at a particular rotational speed by the internal combustion engine 15. The emitted volume flow of 
the pressure medium is determined by setting the displacement volume of pump 5. In what ratio of rota- 
tional speed and torque this power is transmitted to the load 10 is determined by the setting the motor vol- 
ume of the variable motor 2. 

The characteristic curve of the drive unit 1 in the forwards operation is depicted in fig. 6 in princi- 
ple. This shows a diagram, in which the torque is conveyed to the load through the rotational speed. For 
starting up the motor at point A the displacement volume is increased, for which the motor volume of the 
variable motor is at a maximum. By increasing the pump volume flow the rotational speed of the motor 
increases up to the maximum or to a previously chosen set value of the pump displacement volume at point 
B. To further increase the rotational speed, now the motor volume of the variable motor is reduced, which 
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leads to reduction of the torque delivered to the load. The decrease in motor volume brings about that the 
available volume must flow through the motor volume, which becomes smaller in total for both motors, as 
a result of which the increase in rotational speed is effected. At point C the volume of the variable motor 2 
is reduced to zero, so that the entire available volume flow now flows only through motor 3. Here in the 
case that only motor 2 is variable and the pump is already set to maximum displacement volume, the 
maximum rotational speed is reached. If also motor 3' is variable, this one's motor volume can likewise be 
reduced, which brings about a further increase in rotational speed. The maximum rotational speed is then 
attained at point D, at which the maximum pump volume flows through the minimum motor volume of the 
variable motor 3' and motor 2 because of its reduced volume of zero stands still, as a result of which it is 
uncoupled from the load by the freewheel device 4. 

Naturally the invention is not limited to the foregoing examples, but it can also be modified in 
many ways, without departing from the basic ideas. In particular the number of motors is not restricted to 
two, but it can perfectly well be more, as a result of which the flexibility of the drive unit is further in- 
creased, as a distinctly greater speed range or greater motor torque can be produced. Also the combination 
of variable and non- variable motors is not limited to the above example. Furthermore, such a drive unit can 
be incorporated into general hydraulic circuits, with which the many and diverse hydraulically moved loads 
present in a vehicle driven in such a manner could be operated with a comprehensive control concept. 
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List of reference symbols 

1 multi-motor drive unit 

2 variable displacement hydraulic motor 

3 constant displacement hydraulic motor 
3 6 motor on the load side 

4 mechanical freewheel device 

5 hydraulic pump 

6 pipe 

7 pipe 

8 measurement signal transformer 

9 control unit 

9a pump controller 

9b motor controller 

10 load 

1 1 outer ring 

1 2 star-shaped wheel 

1 3 rolling metallic balls 

1 4 controllable clutch 

1 5 internal combustion engine 

1 6 fixed displacement pump 

1 7 pressure medium reservoir 

1 8 low pressure circuit 

1 9 pressure control valve 

20 non-return valve 

21 non-return valve 

22 pressure relief valve 

23 pressure relief valve 
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